As part of our epidemiological study of employees in Westphalia, the concentration of HDL phosphatidyl choline was measured in 1546 men and 778 women. The results were analysed in relation to the corresponding HDL cholesterol values, äs well äs the various risk factors foi 1 coronary heart disease.
Summary: As part of our epidemiological study of employees in Westphalia, the concentration of HDL phosphatidyl choline was measured in 1546 men and 778 women. The results were analysed in relation to the corresponding HDL cholesterol values, äs well äs the various risk factors foi 1 coronary heart disease.
HDL phosphatidyl eholine values were fouhd to be age independent, higher in women than in men (p < 0.001), and lognormally distributed in both sexes (men: mean 1.162 mmol/1, median 1.13 mmol/1, minimum 0.60 mmol/1, maximum 2.46 mmol/1; women: mean 1.370 mmol/1, median 1.34 mmol/1, minimum 0.55 mmol/1, maximum 2.46 mmol/1). A positive correlation (p < 0.001) was found in both sexes between HDL phosphatidyl choline and HDL cholesterol (men: r = 0.588; women: r = 0.605).
A negative correlation was found in both sexes between HDL phosphatidyl choline values and body weight (men: r = -0.102 (p < 0.001) women: r = -0.129 (p < 0.001)); and in men, büt not in women, there was a negative correlation between HDL phosphatidyl choline values and triglycerides (men: r = -0.190 (p < 0.001) women: r = --0,042). A negative correlation between HDL phosphatidyl choline and cigarette smoking was found only in female smokers (r = -0.121 (p < 0.05)). The correlation coefficients between HDL cholesterol and triglycerides äs well äs HDL cholesterol and relative body weight in both sexes were clearly higher than the corresponding correlation coefficient of HDL phosphatidyl choline.
In men äs well äs in women the HDL phosphatidyl choline/HDL cholesterol ratio decreased with increasing HDL cholesterol values or decreasing triglyceride values in blood serum. 
Introduction
The analysis of high density lipoproteins (HDL) äs a risk indicator for coronary heart disease has in recent years shown that a low HDL cholesterol level usually indicates a risk· for coronary heart disease (1-5). HDL are, however, not a homogenous substance but a heterogenous group of macromolecules with varying composition, varying metabolism and varying physico-chemical properties. A low HDL cholesterol level does therefore not necessarily mean a low HDL mass, or a change in other HDL components (apolipoproteins A-I, A-II, phosphatidyl choline, sphingomyelin). Several clinical studies have indicated low levels of apolipoprotein A-I in subjects with coronary heart disease (6-8), but the predictive power of HDL apolipoproteins with respect to coronary heart disease has not been established in prospective epidemiological studies. Also the possible relationship of HDL phospholipids (phosphatidyl choline, sphingomyelin) to the risk factors for coronary heart disease has not really been fully investigated, due to the elaborate procedures for the analysis of phospholipids.
Recently, enzymatic methods have been developed in order to measure HDL phosphatidyl choline (9) (10) (11) . In this report we present the first results of our epidemiological study on the relationship of HDL phosphatidyl choline to the various risk factors for coronary heart disease.
Materials and Methods

Sample material
As sample material we used 1546 sera frorn male employees and 778 sera from female employees from the "Prospective epidemiological study of Company employees in Westphalia" which is reported on elsewhere (12) . In this manuscript cross sectional data are reported.
The 1546 men were between 16 and 69 years old (x = 42.0 years, = 10.7 years), the minimum of the Broca Index was 64%, the maximum 161%, the mean value 103.4% and the Standard deviation 13.1%. No statistically significant difference was observed between smokers (persons who at present smoke cigarettes) and non-smokers (persons who had never smoked) for age (nonsmokers: 40.8 ± 10.5 years, smokers: 39.9 + 11.1 years) and Broca Index (non-smokers: 102.4% ± 13.2%, smokers: 102.0% ± 13.8%), whereas men who quite smoking were significantly older (45.4 ± 9.5 years) and had a higher Broca Index (106.0% ± 12.0%) than smokers and non-smokers (p < 0.01).
The 778 women were between 17 and 67 years old (x = 37.1 years, = 13.0 years), their Broca Index varied from 67% to 189% (x = 99.2%, = 16.8%). Female smokers (32.3 ±11.5 years) were younger than female non-smokers (40.3 ± 13.0 years), or ex-smokers (36.3 ± 13.0 years) (p < 0.05). Values of the Broca Index were observed to be significantly higher in female ex-smokers (100.3% ± 19.0%) äs well äs in non-smokers (100.9 ± 17.5%) compared to smokers (96.4% ± 14.6%) (p < 0.01), though no significant differences were observed between the first two groups.
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Lipid assays
Total cholesterol and triglycerides were analysed using a SMACAutoanalyser (Technicon, Bad Vilbel, FRG), äs previously described (12) .
Analysis of HDL components HDL components were analysed in the supernatant after precipitation of apolipoprotein B-containing lipoproteins with phosphotungstic acid/MgCh, üsing the Boehringer Mannheim test (test no. 400971) (13) .
HDL cholesterol
HDL cholesterol was enzymatically analysed using the CHOD-PAP method (Boehringer Mannheim, test combination no. 187313) (14) .
HDL phosphatidyl choline
Determination of HDL phosphatidyl choline was carried out äs enzymatic colour test using the centrifugal analyser Cobas Bio (Hoffmann La Röche). This method is described in detail elsewhere (10).
ÜDL cholesterol LDL cholesterol was calculated using rthe Friedewald formula (15).
Statistics
Multiple comparisons were done by the nonparametric test of NemenyL For bivariate correlation analysis the Spearman rankorder correlation coefficients were computed except for cigarette consumption where KendaWs tau was used because of the large number of fied ranks. In the multiple regression model the dependent variable was logarithmically transformed, involving the assumption that the effects are multiplicative rather than additive.
The level of significance is set to 0.05.
Results are expressed äs mean ± S.D. Neither male nor female smokers proved to have altered HDL phosphatidyl choline values when compared with non-smokers (persons who had never smoked) or ex-smokers (persons who had in the past been smokers but were now non-smokers).
Results
Distribution of HOL phosphatidyl choline values in normal individuals
In a multiple regression model the negative correlation found in both sexes between HDL phosphatidyl choline and relative body weight even vanished when age, cigarette consumption, systolic and diastolic blood pressure, HDL cholesterol, triglycerides and cholesterol were taken into account, while the other correlations remained statistically significant (tab. 2).
For comparison we also calculated the correlation coefficients between the correspoiiding HDL cholesterol values and the various risk factors (tab. 1). In both sexes the correlation coefficients between total cholesterol and HDL cholesterol (men: r = 0.083, p < 0.001, women: r = 0.164, p = '< 0.001) and between total cholesterol and HDL phosphatidyl choline (see above) were comparable, while those between HDL cholesterol and triglycerides (men: r = -0.440, p < 0.001; women: r = -0.250, p < 0.001), äs well äs HDL cholesterol and relative body weight (men: r = -0.195, p < 0.001, women: r = -0.221, p < 0.001) were clearly higher than the corresponding correlation coefficients between HDL phosphatidyl choline and the risk factors mentioned. 
Discussion
The determination of HDL phospholipids (phosphatidyl choline, sphingomyelin) is, unlike the determination of HDL cholesterol, not a routine method äs yet. This is due to the elaborate nature of the analysis of phospholipids. Since the introduction of commercially available phospholipases and the development of sensitive methods for choline assay, it is now possible to analyse phospholipid fractions äs routine Parameters. We have recently developed corresponding procedures for the analysis of HDL sphingomyeline (16) and HDL phosphatidyl choline (9, 10) . For the HDL phosphatidyl choline analysis in this study we employed an enzymatic colour test, using the analyser Cobas Bio (Hoffmann La Röche), äs previously described (10) .
The results presented here show a clear correlation between HDL cholesterol and HDL phosphatidyl choline. However, this correlation is not close enough to exclude variations in HDL composition. It therefore seems that the HDL phosphatidyl choline value is not a simple reflection of the HDL cholesterol value. It is noticeable that the known negative correlation between serum HDL cholesterol and serum triglycerides äs well äs between serum HDL cholesterol and relative body weight (17) is less pronounced for HDL phosphatidyl choline. Furthermore, it was interesting to note that in female smokers, but not in male smokers, a statistically significant negative correlation between HDL phosphatidyl choline and cigarette consumption was observed. By contrast, in men, the well established negative correlation between HDL cholesterol and cigarette consumption was confirmed. We have demonstrated in our studies, for the first time, that smoking, in contrast to its lowering effect on HDL cholesterol (18^-20), has no effect on HDL phosphatidyl choline.
It is noteworthy, that with increasing triglyceride content of the serum, the HDL cholesterol decrease was more pronounced than that of HDL phosphatidyl choline. A similar change in HDL composition in hypertriglyceridaemic individuals /has also been observed during analysis of HDL sphingomyelin levels in patients with a type IV hyperlipoproteinaemia (21) . In these patients the relative sphingomyelin content of HDL was clearly higher than in normotrl· glyceridaemic individuals (21) . The reason for these observations seems to be related to the subfraction composition of HDL (e.g. HPLi, HDL 2 , HDL 3 ). It is known that changes in the plasma HDL level mainly affect HDL 2 (22) , and that an inverse correlation of HDL,2 and VLDL in plasma exists (23) . Data published by various authors show that the phospholipid / cholesterol ratio of HDLa is lower than that of HDL 3 (24) (25) (26) (27) . The HDL phospholipid / HDL cholesterol ratjo in serum, therefore, may well be a partial reflection of the ratio of HDL subffactions in serum. Thus, a high HDL cholesterol content corresponds to a high HDL2 concentration and a lower HDL phosphatidyl choline / HDL cholesterol ratio, whereas a low HDL cholesterol content (frequently associated with hypertriglyceridaernia) corresponds to a low HDL2 concentration and a higher HDL phosphatidyl choline / HDL cholesterol ratio. Further studies, however, are needed to evaluate to what extent the relative distribution of the HDL lipjd components is a reflection of the change in the relative distribution of the HDL subfractions, and to what extent the relative distribution of the HDL lipid components is a reflection of the change of the composition of HDL particles within each density class.
